













to	 examine	 differences	 between	 highly	 aggregated	 and	 poorly	 aggregated	 forms	 of	 the	 polymer	
poly(3-hexylthiophene)	 (P3HT),	 based	 on	 as-cast	 and	 annealed	 regio-random	 and	 regio-regular	
P3HT	 samples.	 UV-vis	 spectra	 show	 characteristic	 signatures	 of	 unaggregated	 P3HT	 in	 regio-
random	 P3HT,	 and	 of	 H-aggregation	 in	 regio-regular	 P3HT	 samples.	 Distinct	 spectroscopic	
differences,	 including	 energy	 shifts,	 are	 observed	 in	 the	 NEXAFS	 spectra	 of	 aggregated	 P3HT	
relative	 to	 the	unaggregated	 forms.	These	differences	are	reproduced	with	Transition	–	Potential	
Density	 Functional	 Theory	 (TP-DFT)	 calculations	 which	 explore	 aggregation	 and	 molecular	
confirmation.	 Differences	 in	 the	 NEXAFS	 spectra	 of	 P3HT	 are	 assigned	 to	 thiophene	 backbone	
twisting	 in	 the	 unaggregated	 forms	 of	 P3HT,	 and	 to	 various	 degrees	 of	 chain	 planarization	 in	
aggregated	forms	of	P3HT	that	also	correlate	to	the	exciton	bandwidth.	These	results	open	up	the	
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Figure S1: Carbon 1s NEXAFS spectra (π* band) of  3-methyl-
thiophene trimer (3-mer), pentamer (5-mer), septamer (7-
mer), and nonamer (9-mer).
S2











)8! (8 − /
9
+:;
















Figure S3: Carbon 1s NEXAFS spectra of regio-random poly(3-
hexyl thiophene (RRa-P3HT; green traces) , 98% (blue traces) 
and 92% (red traces) regio-regular poly(3-hexyl thiophene) (RR-
P3HT), in as cast and annealed form. S4
98% RR-P3HT 92% RR-P3HT
As cast Annealed As cast Annealed
A
Energy (eV) 284.47(2) 284.48(2) 284.49(2) 284.48
Width (eV) 0.34(2) 0.33(3) 0.37(2) 0.34(2)
Area 2,740±350 2,800±420 2,550±350 3,110±330
B
Energy (eV) 284.79 284.79 284.83 284.80
Width (eV) 0.34(2) 0.33(2) 0.37(3) 0.34(2)
area 4,610±440 4,930±520 3,560±730 5,250±430
C
Energy (eV) 285.25 285.24 285.22 285.25
Width (eV) 0.52 0.52 0.59 0.51




Energy (eV) 284.59(3) 284.54
Width (eV) 0.46(3) 0.42
Area 3,830±670 3,520±170
Ca
Energy (eV) 285.04(2) 284.85
Width (eV) 0.46(4) 0.42
Area 13,920±2920 4,790±190
Energy (eV) 285.37(3) 285.27
Width (eV) 0.43(2) 0.52
Area 11,090±2460 17,410±370
Table S1: Results of Fits of π* Banda
a. The width of peaks 0 and 1 are constrained to be equal, and the parameters of peak 3 are held to be identical 
in all 6 fits.












































































































































RRa-P3HT 92% RR-P3HT 98% RR-P3HT
Figure S4: Fits of the Carbon 1s à π*-band for RRa-P3HT (left) , 92%-RR-P3HT (center) and 98%-RR-P3HT (right), 
in as cast (top row) and annealed form (bottom row) S6
Angle
















Figure S5: Energy of the four lowest energy carbon 1s à π* transitions in the H2T 
P3HT model (derived from Figure 3) as a function of modification of the S-C-C-S 
dihedral angle. Transitions are identified by the IUPAC site numbers (2, 3, 4 and 
5).
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Angle relative to 180o S-C-C-S dihedral angle


















Figure S6: Calculations of the total energy of the head-to head and the head-to-
tail P3HT models as a function of modification of the S-C-C-S dihedral angle. 
Models were the same as that used for Figure 2; calculations were performed in 
the ground state, with the same DFT functional and basis sets.
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